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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method of 
removing contamination due to impurities and physical 
damages onto the surface of a semiconductor substrate 
before crystal growth or on the surface of a 
semiconductor before regrowth, with a minimum change 
in shape, without inducing the diffusion of impurities or 
crystal defects in an original semiconductor layer. 
SOLUTION: In a crystal growth apparatus, a material 
having etching action and a material for crystal growth 

are supplied at the same time onto the surface of a jg ^0K+it ^ t ^ x > 0S g 

semiconductor wafer to be well-balanced between an 
etching rate and a crystal growth speed, resulting in the 
efficient removal of residual impurities. 
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#4o i»yaL^sa-cfc4iS-c. (c 

I) $*t;lS»"Cfc«ZtA<»*L<fflt^*t«o 
[00 5 1 ] **Klcj3lt«x^^>^tt»KtL-C 
I** t -ffljb^^U ((CH 3 ) 3 CCI :TBC 

( [ ( C H 3 ) 2 ] N2PCI :BOMAPCI) . t& 

itfrm (h c 1 ) J&ib^^u ( c h 3 c 1 ) % raig 
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itvtm (CC I 4) . t*Xi/y^7S/7;k»^P 
K ( [ (CH 3) 2 ] N 2 A s C I ) % =*<b» 

(pc 1 3 ) % ^v&wmmpk s c 1 3. mm (c 1 2 ) 
«\ m&os r £B*k 1 sin, fsk»*«*-*-4 

ft. »»ffl«(D»*ta*#»ftii*<x^^>y*rx4> 

^LKLtffiCiA^ t -*<b^n>l*Vjfe7c*£** 

□ KSfflWcM, x^^>yHB*a>aj«tS#1t36< 
I£«ttfflM**i*fctf>* S*Lfc»*A«*fT3ci:*« 

[0 0 5 2] *fc % »Maa>ttft£tt«¥?B{Mte^ 

1 i*5c**<-a«*&fc*»ft. 

SAS4)(cKAIia>»A'^IEAK1b£jez Liz < i>*=#> 

§W>V^A (In) t\ I nP. I nA 

s. InN. InSbft^ -CftW, SfclWJW 
(Ga) s fzt X-\£G a A s . GaP. GaN. GaS 

[0 0 5 3] ^KDMS^ffl^gl 

tffli^t!l»tM4. **u ASBtt 

IC*«*B£ffil*fcW«*BS»lfifcft (MOCVD : M 
etal Organic Vapor Phase 
Ep i t a x y) &<£>i§ftl^ £ U HSftttJRtfSttl 

4o *fc-<D»** fi*jS«K»rft**iWbft«&tf 
*«*B#*l::oL*TI*ttl=Bjei***L<\ EJrM<D<fc# 

[00 5 4] 

[0055] m-tommm 

L^rHW*-*. x^^>yft«t#-r«fl[»fcLT. t 

-i&itJTJls ( (CH 3) 3 CC I : TBC I ) 

M I n) > (P H 3) ^IL^o 1 <r>& 

5lrs n K-^ {00 1 ] lnPlgiol±l:gE 

(6OT0 r r) MOV P E;£"C 1 |§(OAftli^ LT 
7>K-?InPBl03$1. 0 /imlfi* *1**:SL 



-I»5l/\$MOVPEp^b»9aiL, 1 2B*M*» 

B§^-f3o ^x^ hAS*l*H*6L^L^o -teoa. Z<D 

OX/NJII/MOVPE^IISAL, 2gg(DfitM 
<t LT 0. 5 U m<7)T> F—Z? I n Pi 1 0 5 

[0056] 2Eia(Z)jat«BB*6iiiBra)*x<Dflj*ififfii 

0 4t\ MO V P E^PrtTrT BC ItTMl n&I/PH 

3*^x/\cd*®|c 1 OttMtlMeLT. Bflft»A«« 
ftofc (^>^;UA) 0 Z<D«B»*A3ia)|Ba)TBC 

1 £>&!&Sli1 9. 4 //mo I /m i nT, C*U± I n 
P0X«>f >^SICLT2 0. 5nm/mi nil US 
U TMI nCD&if&fili 15. 0 8 /i m o I /m i n . 
P H 3£>#M&fil*2. 6 8mmo I /m i nffcy, Z 
tl^Ii I n P(Dfit«i*JtlCL-C 2 0. 5 n m/m i n (Z 
tB^-r-So ^Ot, TBCII^^I n POJLy + l,? 
SSi:, TM I nMPH 3 iCck-S I n P<Df&g:&mt 
WL<. Z0>*B»»A31*rciIsiaicfiK*Lfc7>K 

I nPll 0 3<DBIHEfc(*<fl^o £/ra®;#;$*0r 
^B#(DS«;Sa(i. 6 2 5°C<tLf- 0 

[0 0 5 7] hbSe(D^IZ2[HlgCD I n PHj£ftM»&iKffir 
OK- <7)/S^^S 1 0 4 T?C7) TBCL TMIn, 

P h 3 ir J; £>a@># #AS£mrf iz 2 HI i <07 > K- 
^inPiio 5a)fiK«SBBj&Lfc-y->^;u (+J->:/;u 
b) tftBLfc. 

[0 0 5 8] -9->^iUA&tf-9-l/^B0)Xoa)-9->^ 
IC*#*t;£ (S I MS) T> K— ^ inPH 

[00 5 9] BX<7>ja«#B 1 0 4 "C T B C I % TMI 
n. MP H 3\Z&&tmmf**M&fTtol2fr-otzy-> 
^JUB-CI*. B— fl>fit«*B1 O 4lz»B=Ftt1»i: LT 

c 0. s i*<ttffistt. *<Dm&.\***i?*i* ffiwm 

(CLTC : 6. 4xl0l0atoms/cm2 % O: 
6. 9x10l1atoms/'cm2 % Si:1- 2x 
1 0 1 2 a t oms/cm2ffi|tfeof: 0 
(7)|*fi^® 104t'TBCI (19. 4/imol /m i 
n) . TM I n (15. 08jUmo I /m in), atf 
P H 3 (2. 6 8mmo I /m i n) lw«fc**ffiSff^A 
S*ffofc-9->^UA-CI4 % m^(7)fi£fi^®1 

c, 0. s i *a>»H^tt«ai*t^*itttUil8#feiT-c 
fcofco ^c-e*a)S-t?a>attsTHi**tt-ett. c : 6 

xl0 7 atoms/'cm2 % O:6xl08atom 
sXcm2^ Si :6xl07 a toms/cm2 

*<«ffi*ttft^ofco ::tc 1 coSSfcbTPgfi. 3x 

1 O 7 a t om s/cm2^g-efco/r 0 
[0 0 6 0] fcfc. *StJfi«T?f**xa>fi£«J|Lffi1 0 4 
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[0061] m—<ommm 

^s^njfe-r^o jut. hi ot#i»Lr**ifc«iz-3 

[0 0 6 2] *fl*<Ofii*ft?P-b^<»:y, n§y 
I n PS&3 0 1 ±iZ I n G a A s P/ I n G a A s P 

i^p3o 7 saitiii:r*y^u^-TP«uasft« 
l. sio 2 57X^iir, K^-f x^y-v^icty 

gig* 2 /img£0>«2 |im(D>-9-X h7-f^3 10^ 
*-<DWrt**BB3 0 8lzK-(DjBt«i:Bi:jftf* 

■c±E**wo>Mai»«atiBLfctHz. P ^inP 

130 2, n|InPl303, pil nPf304^ 
[00 6 3] *|C^<D^X/\£MOV PEJFrtlzBiyUi 

x(zj:yi»*Lfca. WMovPE^izisAL, m 

-0)||*«*B3 0 9l=WJt*«W©±E*iB»*«ai 
P^77Ki305, P -InGaAs=l>^^h^3 

14-fc. 

[0 0 6 4] za>*^o>«E-«ai#tt. «a-*m* 

HB^flc«90)!S-a)llrt*#ffi3 0 9<DS i«0)nlS 

■^tt^Md^Lfcctrcky. «9EMbraik U Hfcfi* 

+L4o *HJS«T*(i. «-(DB«fiJH3 0 8fe 

LfcA*% L^r*l^-*. fctx.l*«X<DWrtft||Lffi3 0 
9 IC*} L T AS £ t& L T 4, L 

[0065] m=<DH!ge»i 

0)^11 0 4t(DC, O. S i ^(D^g^fcfcl&SK 



[0 0 6 6] ( i ) #X<D«ffl. 

t -i&itZ?T)\s ( (CH3) 3CCI :TBCI) , t* 
Xy>f / *X^<>^P7-f K ( [ (CH3) 

2] N 2 PC I : B DM A P C I ) Zmi^tzo 
( i i ) tfXOSU 
MO V P Ejpfl^(D#X(Dtt»»£^-ro 

c i i i ) x^^>^ajs 

( i v ) jSSiSJS 
(v) ■IV»b}BK 

( v i ) *f A 
Mjl7j3£i:(d\ x-/^>y#xj3*tfrt*#^t-e* 

raa«M(z«j&-r4*a-efc*o iui*»s*fci*. x^^ 

( v • i ) OX^ hX^f>^ 

7>K— I n Pi 1 0 3<D»;$ASa>BulC. x^> 

ya*ffli^cx^^>^aa$ffo/i»*. ^1^1 

[0067] (KK1-4) x^^>yftffl**i-4DS 
¥4<hLT. t-*ft^iU ( (CH3) 3CCI :TB 

ci) ffiliexv^wsy *x?>r ^o 7 -f K 

( [ (CH 3) 2] N 2 PC I :BDMAPCI) 
IV 1@iiJi&«IgOB£: LT(*. h'J>fM>v^ (T 
M I n) Sl/T^X^-f > (PH 3 ) Zmi^tzo IS 1<D J: 
5 ICS n K— y 10 0 1 } I n Plffil 0 1 ±CljKE 

(6OT0 r r) MOV P E&T? 1 ©BCD AM* LT 
7>K-?lnPH03Sl. 0 Aiming 

-i^x/njmovp EjpfrbiayasL. 1 2B*Rsi:fcft 
lc«fcy u ^x^^Tofzo 

[0068] -£<7)& % C(D^X/\JI(;MOVPEjprt 
lOlSIItLtO. 5/im(D7>K-7 , InPil0 

[0069] #R»izj3it*«»Aai*JUTa)^:tey-c 
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[0070] smi x*\tmftmm$ftt>ti:fr'otzo 

(DJ&gi^'l 04T?, MOVPE^T'TBC I t T M 

i nsi/PH3Jox/\0s®izi o^flMeit, a 

B#<E>S*£;^£I*. 6 2 5°C<h Lfc„ «Ba«J«UteJt*T 
>K-^I n PB1 03a>llJW6fttttt«>&*ttt3^o 

fee 

[007 2] tt»3tfi*. 2@ao)*fti!Bteitma)*- 

OfilSJWl0 4t?, MOV P E*FWeislTa>J:5ftffl 
SSffofco -T*:*3*>. ( i ) TBCItTMIn&tf 
PH3*^X/\fl)«li(zi #|Hl«l«Lfc«. (i i) 1 
5IMIIL PH 3 t*«|c«l8LT/<— S?*fr3. 
X^r^^S. 2 0H«yiKLrltJSLfco «**xa>«« 

BEI*. 6 2 5°Ci:tf: 0 ««m*IZi3l+4T>K— -^1 
nPi10 3(Dmm^.itit 1 0 0 nmJJITTfcofc. 

[0073]KH4tfit 2®BotiLAm&mmo>9- 

Sy^X^-O^P^-f K (BDMAPC I) chTMI 
nM'PH 3 ^OX/N(DiIl:i O^ttl&Lt, ^® 
HWWMtfrofc. #*XO)«|ft*tK*«ll=»Lfci: 

CD*ft;S*(4. 6 2 5°C<t If:. ffl3HKraizfc[f47> 
K— ^ I n Pi 1 0 3<DmmUitltm&>t>*ltefritzo 

[00 7 4] (1**45-6) l*;f>ifttfflSttM 
¥4<t LT. t -ttfls^^U ( ( C H 3 ) 3CCI :TB 
C I ) *fc(*tfX2/y 5^1,7 £-/ TfxX^-f >^P7^K 

( [ (CH 3) 2l N 2 PC I :BDMAPCI) 
l\ <Sflfi£*W»t LT(*. h'J>fM>v^ (T 
M I n) > (P H 3) £ffll*fc„ B 1 CD£ 

5(^S n K— ~J {001} In P«S1 0 1 ±|C»IE 

(6OT0 r r) MO V P E}£"C 1 \°\B<Df$t£kM t L"C 
7>K-?InP|103Sl. 0//m**Sltfca, 

-i^i/NSMovPE^baiymL, 1 2B*ra*ft 

s 1 



<tLTO. 5^m07>K-^I nP/11 0 5 $ 

[0075] ftK»f3feit*«»«aa(*JsiT(7)tfcy-e 
[0 0 7 6] K»5t?(*9l»fta*fft>«i:^-3fc 0 

[007 7] tt»6-CI*. 2g|gO)ASn»&1tinO)ff- 
<Df£:ft#® 1 0 4T% MOVPEfp^tTBC I <t T M 

1 n&o:PH3^i/\0iSi:i oflfiBSM&LT* a 

> K— -J\ nPf! 0 3C0B«*ftl*BA&*lft^-3 

[0 0 7 8] ±E#K»<D«»ffiS+0)ll«aEfcli. 

fllt100nmlslTtfcofc„ ±B«-K*1I::-3I^T« 

wiwuilts iMsiz^ysa^mm 
Moisifco fccfct/[i2-7iz7F-r 0 b 

2-7 1*. ^*l^*U K»l-60>aS«!lllz»j6f 
6„ $1+, r n . d. j ttffl^nTT'fcofcZt 

4 • i**4no. si^asi^-cii. tts-r^tr— * 

02-7 -Cli. : a t o m s / c 

m3) tLX*S**tf=»ffi (fltttl) ffiffiJt^LT 

tz (^.{i : atoms/cm 2 ) 0 

[OO 7 9] ^t>tLfcS»cfcy. JUT<DC^A<^C,*MC 
ftofco -rft2b%. K»«flS«»/><6 nmJSlT (0. 1 
nm/secUTF) t tt« £ 5 ICX iS^tf&S: 
»XO)««»t*BI»-r*Ci:lcJ:y. HI^NttliEM 





1 


2 


3 


4 


5 


6 




x**V* 


aa 




TBCL 


TBCL 


BCMAPCL 




TBCL 










19 


36 


27 




IS 










20.5 


38.fi 


14.4 




20.5 






as 




Tbiln 


TU ! n 


TM ( n 




TM 1 n 






JSS Cm «Dl/«iin> 


H 


ie 


27 


14 




16 






frm/ntn> 




20.5 


34.6 


17.9 




20.5 






(nn/nin) 




9 


-4.2 


3.5 




0 
















£8 




OX? H»?V^f 




«y 


fry 


*»y 




*SL 


mas* 




5 i 


1.2E»12 




5.4E*lO 


5.4E.10 




H.0.(4.7E*g) 




BSffi 


C 


5.0£*10 


3.3£*I0 


Ff.D. 


H.D. 


K.D. 


w.o. 
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[008 1] 11 tl^«(D-9->^U«iS^fclxTm-(0 

>WX^fe^,TBC 10^151 9. 4/imol/ 
min (I nP0X7f >^MlwLT2 0. 5 n m/ 
m i n*g^) % PH 3(ft$&4$-2. 6 8mmo I /m i 
n t— SlCU TM I n(7)&$&g£0~3 0 m o I / 

l\ ^ltT7> K— I n Pjf 1 0 5 £/£SLf- 0 gilt 
TS I MS»«rfCc*:y»2#ffia)5SHS i ;HSlcoi%T 

[0 0 8 2] W = (DSUfi«lCfclt4K»2(DT 

m i ns»«fc**fc*o> (H*. rais i cant 

S) J mH(7)||Jfe^]lCfclt^i^*'4 3<7)TM 

so j t^sti-ci**. 

[0 0 8 3] I9lt SS = 0)3llfi«lCfelt*K»4(7)T 

[0 0 8 4] B 8 ££1*189 Cite* i 0>®^Jg<!: 

ftUl, TBC I 2>lZ$T M I nlC** I n P a>jS«*Jt 

(fin*,r> k-^ i n p n 1 03 m-o>*tm#m) a> 

[0 0 8 5] L>f^l<DSllfel>rtTMI na>#«Sfi<t 
#l:i»BS i HA<»*t, l$IM^Onm/s e c 

m i nTfcmzm^irt. nxsmss \ mm\*±mLtz 0 

®1 0 4|:i»Lf:«S, XSCDJSBS i (*ffS§1iCDii 

<biss i c i x tLx-Bitm^h>mm-r^>i<D<D. 

Si-CI (DtSSti** S i -POjg^lCit^TiK % S 
i - C I ©IS**** Clz«JtLT*fc«iBlzBtt»L-C L 
TMln^TBCi km&rl~&t&-? Z> t . S i 

a<s i c i xtLxtmt^mmt &±mm\^ 

-z>TS i (DfljfcJIta^liTBC I |z££ I nPOl^f> 
^Jt^TM I nlCcfe* I n P(Dffi«j8K#TSfi l J £ 
5fcfc L Jt'IX<!:^l)o TM I nlCcfc^) I n Ptf>j£^it 

aBBo>3i»«ia3b<fft)*itt<tt*fc«>»-a>*« 

[0 O 8 6] mBte&lfm9<D&mfrZ>. O. 1nm/ 

s e clili*j(7>JifI£{bi£j$£: Lfcttft* ttlcHVftlb^ 
*«ttlc<c^»*|c. JIBS i «S*<HSi::ftX$ti« 

[0 0 8 7] *Hfi«^»^L^T**M*lttMLfc 



[0088] ittfM±tammv\t. =-v&#nm 

-£tt%>mnt LT\ TBC I. t*Xi/^ f^7 5/ * 
X7-f^P7-fK ( [ (CH 3 ) 2 ] N 2 PCI) $ 
JBl*fc)b<* IfeCDC I «K.I*»^b7K* (HC I ) 

tt<b>^;u ( c h 3 c i ) % rattibttX (cc 

I 4) . t^y^fJl/T^Tibv^P^-f K 
( [ (CH 3 ) 2 ] N 2 AsCI) , Hi£1b*8 (PCI 
3) . HSitllAsC I 3. M (C I 2) ^ HI 

liJS8i:<fcotSS5^ «*»rcii±E*JS«l=^L 

j: 5 ic x ^ > ^ s^ic & & *mi*m <D*vT><?m 

[0089] &tz±ummm-<:its ^MtitM 
fc^imsienv- (m be) 

X7-XMBE (GSMBE) tMlMBE (M 

OMBE) Afit* (CBE) 

■ctai>o *t=±E*Jfi«-ei*. i n P2M=miz^i>T 

G a A s . I nAs, GaP, GaN^ ilOfeO) I I I 
- Vjfe<b*tt¥3M*-*> I I - V I l£<b*1*¥«f*fc£:<0 

[0090] &tzmm&mz^T\t. ±t^mmmx 
i±. 6 2 s°ct Ltctf, m^aym&m&fj^mu^mm 

n P-Cfc*Ui4 0 0°C~7 0 0 o C8j£a>Bk 
G a A s Xfotllt 4 O 0°C^»b 8 0 0°C(D^X &1xl£& 
x^^>yiS»I^J:4#»tWl<Dx^^>yaa-V> 

[0091] mtz. ±E*««-ett*sw*iBrc»Lrx 
x <hSa^fi£«IS*4^ #t;m-0)^x t ^fs]^lc4i#t*:M 

tzth. i ~ 3m*mm&<Dmfr(nf£&tfmi=rLtz&. x 

[0 0 9 2] 

[^B^CD^m] JU±l5iBJL/--cfc5lC. *^B^|Ccfcttli. 
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[HSaffiiK&ISMIl] . 

[01] »««i-c!ft«Lfc*»(*lia)«Hlt«-riH-e* 
[12] jufi«{cj3it*»H^««B»sa>s i ms mm 
CH3] n»jicfc(t^?i®^^!fe)ii^a)s i Msane 
[■4] Mmicfiit«m?HM»aa)s i msmx 

[S5] jt«5«lcfclt4aB^ttttaiK<DS I MS»S 

[16] xjKfli=£(t«SBTtt«asa)s i ms as 

[17] XlkMI=J3lt«SV7MftSflea)S I MSH£ 

[18] m«[=fi(ttai8 i IKDTM I n«^fi 



[19] mmmiztei-tzmms \ ss^tm i n«$s« 

[110] «-(D3US«irj3lt*atoa^a¥»«:U— 
[MOM] 

10 1 I n P fife 

1 O 2 m-<7)/£ft^® 

1 0 3 T> K— ^ I n Pi 

1 0 4 SR-(Dfit«#ffi 

1 0 5 T> K— ^ InPl 

3 0 1 nil n Pgffi 

3 0 2 pi I n Pjf 

3 0 3 n| I n Pjf 

3 O 4 pll nPl 

3 0 5 p|InP^77KI 

306 P -InGaAs3>^hi 

307 InGaAs P/ I n G a A s PfiT#F 
3 O 8 SS— <DHj3c«*ffi 

3 0 9 

3 1 O h^>T ^ 



11] 



[12] 




1= 



jo 



Si 

1.2E12 atoms/cm? 



S.OElOatoms/em 2 
C 




• i • 

2.5 



8.0 



■ I ■ 

3.5 



40 



4.5 



2KS iUm) 
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[13] 



[i4] 



„20 




Si 

2.5Ellatoms/cntf 
33E10atoms/cm? 

c 



1 < I I I I I < I I I I I I I I I I I I ' 

2.0 2.5 3.0 3.5 4.0 



_ 10"- 

E 



8 



d.5 5.0 



Si 



5.4E10atoms/cm2 




(*/m) 



-T—i — i — | — i — r — i — i — | — i — i — i — i — | — i — i — i — i — | — i — i — i — i — | — i — i — i — i— 
1.0 1.5 2.0 2.5 3.0 3.5 40 

383 (j/m) 



[15] 



[16] 



10 



Si 

5.4E10aloms/em2 




0.5 0.6 

3E£ (*im) 



^ 10* 

a 
\ 
* 
E 

| io 1 

2 

* 4 

K to 1 



Si 



4.5Ellatoms/cnZ 




0.8 1.0 



1.2 



I 1 
l.d 



-I — I — | — I — I — l— 
1.6 



I 1 
LB 



(/im) 
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[HI7] 



E 
o 

\ 

19 

lio ,J .g 



* ,e -J 



Si 

4.7E9atoms/cii 2 




t— r- 

2,2 



2.4 2.6 

<^m) 



-i — i — | — i — I — i — r 



1.40E+12 
1.20E+12 
g 1.00E+12 
feS 8.00E+11 
ffl 6.00E+11 
SS 4.00E+11 
2.00E+11 
O.OOE+OO 




-i 0.4 




- 0.3 




- 0.2 


w 


0.1 


<=n 


- 0 




0.1 

- -0.2 




- 03 




- -0.4 





1.4E+12 
1.2E+12 
*B 1.0E+12 



10 20 
TMIn(fimol/m in) 



30 




309 



10 20 
TMInOunol/min) 

1 O] 



307 



0.3 
0.2 
0.1 
0.0 
-0.1 
-0.2 
i -03 
-0.4 
-0.5 
30 



in* 




310 



308 



